Four hundred (400) adult black-skinned snails, two hundred (200) each of Archachatina marginata and Achatina fulica with weight ranging from 50.42 g to 198.84 g and from 100.10 g to 184.00 g for A. marginata and A. fulica respectively selected based on active appearance, number of whorls and no injury on the foot and/or shell of a base population from a population gathered in the wild within the Niger Delta region were used for the study. Data collected on the selected snails were used to evaluate phenotypic correlations and multiple regression functions which were used for predicting body weights from quantitative traits. Results obtained from the study showed that A. fulica snails with 4 whorls are genetically heavier than A. marginata snails with 4 whorls. This is because there was large and significantly different (P<0.001) disparity in values of measured quantitative traits (mean body weights) among the two breeds. The results of phenotypic correlations among quantitative traits of the two breeds indicated positive, strong and very high significant (P<0.001) correlation coefficients (r p ) between body weight and all body components studied. Whereas for A. fulica snails, there were positive but lower significant (P<0.05) phenotypic correlation coefficients (r p ) between body weight and some body components studied. In fact, there were no significant (P>0.05) phenotypic correlation coefficients (r p ) between shell length and shell 'mouth' width (r = 0.250) and between shell 'mouth' length and shell 'mouth' width (r = 0.187) for A. fulica snails. The prediction equations evolved for body weights of growing snails with 4 whorls using quantitative traits from A. marginata and A. fulica indicated that these quantitative traits, namely; shell length, shell width, shell 'mouth' length and shell 'mouth' width best predicted body weight for A. marginata and A. fulica snails with 4 whorls. The quantitative or phenotypic traits of the two breeds of snail studied could be chosen to differentiate as well as characterize growing snails in the Niger Delta region of Nigeria.
Introduction
Within the family Achatinidae, four species are classified as giant African land snails: Achatina achatina, Achatina fulica, Archachatina marginata, Limicolaria aurora (Smith & Fowler, 2003) . Of these species, Smith and Fowler (2003) pointed out that only Achatina fulica (plate 1) and Archachatina marginata (plate 2) are "truly giant African land snails, as the largest specimens recorded by [PPQ] have been in the range of 750 g and 8
‫״‬
(20.32 cm) shell length".
The giant African land snail has emerged as a notable experimental model for several fundamental and applied biological descriptions in the last few decades. Besides, snail production holds lots of potentials in the Nigerian livestock industry and can serve as a means to alleviate the acute protein shortage. This owes to the fact that snails have high rate of productivity and fecundity Okon & Ibom, 2010; . marginata is the second largest, while Achatina fulica is the smallest (CAB, 2003; Venette & Larson, 2004) . But in Nigeria, Achatina achatina is the second most popular breed of snail after Archachatina marginata kept and reared . The shell of Archachatina marginata is slightly smaller, usually about 110 mm long and 66 mm wide.
Plate 1. Achatina fulica Plate 2. Archachatina marginata
Breed type has a marked effect on performance and productivity of snails than all other factors considered. This is attributed to physiological adaptability to the environment and genetic variations among and within breeds . According to Raut and Barker (2002) , A. fulica and A. marginata both share a determinate shell growth. A. marginata produces a peristome with a reflected lip and reaches sexual maturity 2 -4 months later than A. fulica. Venette and Larson (2004) opined that when A. fulica is full-grown, the shell consists of from 7 to 9 (exceptionally 10) whorls, with a moderately swollen body-whorl and a sharply conical spire, which is distinctly narrowed but scarcely drawn out at the apex. In A. fulica, both columella and parietal callus are white or blue white, without any trace of pink, whereas with A. marginata both columella and parietal callus are either white or red. These numbers of whorls on the body of the snails could be exploited for differentiation and determination of body weight of snails.
Body weight is the commonly reported measure of size. Body weight according to Fitzhurgh (1976) has been used by both local sellers/buyers and researchers as a parameter for selection. Snail weight can be predicted using quantitative or morphometric traits. These traits include body weight, shell length, shell width, shell "mouth" length and shell "mouth" width. using multiple regression equations noted that shell length and shell width are better predictors of hatchling body weights of A. achatina than A. marginata juvenile snails. These same authors obtained high, positive significant correlation values between body weights and these quantitative traits in both A. marginata and A. achatina snails.
There are scares information on differentiation and prediction of body weights of giant African land snails kept and reared in the Niger Delta region of Nigeria.
Materials and Methods
The research was carried out in Calabar, Nigeria. Calabar is the capital of Cross River State, one of the States that constitute the Niger Delta region of Nigeria. The location and climate of Calabar is as prescribed in . The Niger Delta region is characterized with average annual temperature and rainfall ranges from 28 to 30 o C and 2500 mm to 4000 mm respectively, making it one of the wettest area in Africa, thus suitable for snail rearing. Relative humidity really rarely drops below 60 % and fluctuates between 90 and 100 % for most months of the year.
Four hundred (400) adult black-skinned snails, two hundred (200) each of A. marginata and A. fulica were selected from a population gathered from the wild within the Niger Delta region for this study. The snails were selected based on active appearance, number of whorls and no injury on the foot and/or shell of the base population. All the snails selected had four (4) numbers of whorls on the shell and had weight ranging from 50.42 g to 198.84 g and from 100.10 g to 184.00 g for A. marginata and A. fulica respectively. Data collected on quantitative traits from both breeds were body weight, (BSW), shell length (BSL), shell width (BSH), shell "mouth" length (MSL), shell "mouth" width (MSW). An electronic balance, Scout TM pro-scale with 0.01 g to 1000 g sensitivity was used to measure weight, while Vernier Caliper was used to measure lengths and widths. The data were analyzed using GENSTAT (2009) software package for the simple statistics and SPSS (2007) for phenotypic correlation and multiple regression functions for predicting body weights from quantitative traits.
Results and Discussion
The results of the description of sampled population are presented in Table 1 . The results were expressed as mean, standard deviation and coefficient of variation for each quantitative measurement. A. fulica with 4 whorls had higher values for measured quantitative traits than A. marginata. There was a large disparity which was significantly different (P<0.001) between the mean body weights of these two breeds, 138.60 g for A. fulica snails and 115.80 g for A. marginata snails (Tables 1 and 2 ). It indicated that A. fulica snails with 4 whorls is genetically heavier than A. marginata snails with 4 whorls, as this was confirmed by the test of significance of the difference (t -test) between the two breeds (Table 2 ). However, these results do not agree with the views of CAB (2003) and Venette and Larson (2004) that A. marginata is the second largest snail among the giant African land snails and A. fulica the smallest. Venette and Larson (2004) opined that full-grown snails have between 7 and 9 whorls, but in this study the snails used had only 4 whorls, meaning they were not fully mature (that is growing snails). Though there were relative differences within and between the snails' body components (i.e. shell length, shell width, shell 'mouth' length and shell 'mouth' width) for A. marginata and A. fulica snails, these differences did not differ significantly (P<0.05) between the two breeds ( Table 2 ).
The results of phenotypic correlations among quantitative traits of the two breeds evaluated (Table 3) indicated positive, strong and very high significant (P<0.001) correlation coefficients (r p ) between body weight and all body components studied for A. marginata. Whereas for A. fulica snails, there were positive but lower significant (P<0.05) phenotypic correlation coefficients (r p ) between body weight and some body components studied. In fact, there were no significant (P>0.05) phenotypic correlation coefficients (r p ) between shell length and shell 'mouth' width (r = 0.250) and between shell 'mouth' length and shell 'mouth' width (r = 0.187) for A. fulica snails. The non-significant (P>0.05) phenotypic correlations denoted that these pairs of traits have no direct relationships and are likely not controlled by the same genes in the same direction. The lowest but positive and strong correlation coefficient of r = 0.774 obtained between body weight and shell 'mouth' width for A. marginata snails is higher than the highest, significant (P<0.05) correlation coefficient of r = 678 recorded between body weight and shell width for A. fulica snails. (2011) and . According to Ibom (2009) and , this signifies that the pairs of quantitative traits used have direct relationship or at least they are controlled by the same gene in the same direction, thus selection for one trait will lead to improvement of the others. Further more, these results confirmed Okon et al. (2010a,b) and earlier views of high correlated responses of these quantitative traits for selection and cross breeding for genetic improvement as well as being better predictors of body weights in growing snails.
However, the results obtained in this study are quite lower than the strong, positive and highly significant correlation coefficient of r = 0.96 obtained Okon et al. (2010a,b) between hatchling body weight and shell length for the purebred white-skinned (Albino) and F 1 crossbred snails of A. marginata. Also, Ibom (2009) reported strong, positive and very high correlation coefficients of r = 0.99 between body weight and shell length, body weight and shell width for purebred black-skinned snails (BS X BS), purebred white-skinned snails (WS X WS) raised in Obubra, Nigeria. The differences in correlation coefficients here could be attributed to breed effect, age and size differences of snails used, body weight ranges as well as number of whorls on the shell of the snails.
The size and body weight ranges of A. marginata snails used in this study ranged between 50.42 g and 198.89 g, while that of A. fulica snails ranged between 100.10 g and 184.00 g. Nevertheless, the snails used here had 4 whorls against other studies with varied numbers of whorls, ages and sizes. But Venette and Larson (2004) opined that when A. fulica is full-grown, it has 7 to 9 whorls. Besides, A. marginata is known to be the second largest breed of snails in Nigeria, thus higher correlation coefficients, whereas A. fulica is known to be the smallest, hence lower correlation coefficients (CAB, 2003; Venette & Larson, 2004) .
The prediction equations evolved for body weights of growing snails with 4 whorls using quantitative traits from A. marginata and A. fulica are shown in Table 4 . The equations indicated that these quantitative traits, namely; shell length, shell width, shell 'mouth' length and shell 'mouth' width best predicted body weight for A. marginata and A. fulica snails with 4 whorls, as there were little or no differences between the actual and predicted liveweights (Table 5 ) of these growing snails using multiple regression equations. This may be due to the positive, strong and closely correlated response of body weight with the quantitative traits used in the predictions. However, these results of prediction do not agree with that of and Olawoyin and Ogogo (2006) for A. marginata snails because of age differences and number of quantitative traits used in the equation. could not closely predict hatchling (juvenile) body weights of A. marginata snails using shell length and shell width. Also Olawoyin and Ogogo (2006) reported shell length as a better predictor of body weight for growing snails. Thus, using more than two quantitative traits in the prediction equation may likely give a better and more reliable result. This might be attributed to the effects of age and size of snails, number of whorls on the snail shells and number of traits involved in the prediction as used juvenile snails with 2 to 3 whorls and two traits (shell length and shell width) in their study, while Olawoyin and Ogogo (2006) used growing snails with 3 to 5 whorls but only one trait (shell length) in their prediction. X 1 = Body Length, X 2 = Body Width, X 3 = Shell "Mouth" Length, X 4 = Shell "Mouth" Width. High percent coefficients of determination (R 2 %) of 88 % and 84.7 % obtained in this study for A. marginata and A. fulica respectively indicated that variations in body weights of the two breeds of snails with 4 whorls of the shell used can be explained by changes in the number of quantitative traits and methods of statistical analyses used in the prediction. Hence, further noted that methods of statistical analysis could also affect the results obtained. Okon et al. (2010a,b) using simple correlation analysis for a single trait obtained very high coefficient of determination (R 2 ), whereas results that involved multiple correlation analysis used two traits (shell length and shell width) in the equations obtained low R 2 values. But for this study, using multiple regression analysis, multiple quantitative traits (shell length, shell width, shell "mouth" length, and shell "mouth" width) from snails with multiple (4) whorls, the coefficients of determination obtained were very high.
Conclusion
The results of this comparative study revealed that there are significant differences (P<0.001) in body weight and shell 'mouth' length between A. marginata and A. fulica snails found in the Niger Delta region of Nigeria. A. fulica snails with 4 whorls are bigger, heavier and have longer shell 'mouth' length than A. marginata snails with 4 whorls from the study area. But on phenotypic correlations (r p ) among the quantitative traits, A. marginata recorded higher significant (P<0.001) positive, strong correlations between body weight and all other quantitative traits studied, whereas A. fulica recorded lower significant values. In fact there were no significant (P>0.05) phenotypic correlations between shell length and shell "mouth" width (r = 0.250) and between shell
